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Introduction {#sec005}
============

Intermittent exotropia (IXT) is the most common form of child-onset exotropia\[[@pone.0230788.ref001]--[@pone.0230788.ref003]\]. Although children with IXT are less commonly symptomatic, adults with IXT commonly complain of visual fatigue (eye strain or asthenopia), blurred vision, headache, and diplopia\[[@pone.0230788.ref004]\]. Previous questionnaire survey studies revealed that visual fatigue is one of the most prevalent symptoms in patients with IXT\[[@pone.0230788.ref004], [@pone.0230788.ref005]\].

Visual fatigue is related to vergence and accommodation parameters\[[@pone.0230788.ref006], [@pone.0230788.ref007]\]. Vergence is the simultaneous movement of the eyes to align both eyes to obtain or maintain binocular vision, and accommodation is the process of varying the refractive power of lens to produce a focused image on the retina at different distances from the object. Normal binocular vision comprises vergence and accommodation systems that act simultaneously\[[@pone.0230788.ref008]\]. Patients with IXT require excessive convergence and accommodation to maintain binocular vision\[[@pone.0230788.ref009], [@pone.0230788.ref010]\]. Previous studies suggest that the eyes of patients with IXT tend to tire easily compared with those of healthy individuals\[[@pone.0230788.ref004], [@pone.0230788.ref005], [@pone.0230788.ref009], [@pone.0230788.ref010]\].

In our previous work\[[@pone.0230788.ref011]\], we developed a binocular fusion maintenance (BFM) test for objective determination of visual fatigue. The BFM test has good reproducibility, and BFM scores significantly decrease after a visual task, showing a negative correlation with subjective eye symptom scores. This test can evaluate visual fatigue while maintaining vergence and accommodative stimuli constant\[[@pone.0230788.ref012]--[@pone.0230788.ref016]\]. BFM is expected to be lower in patients with IXT than in healthy individuals, if the eyes of patients with IXT tend to tire easily compared with those of healthy individuals.

The purpose of this study was to objectively evaluate the degree of visual fatigue in patients with IXT using the BFM test.

Methods {#sec006}
=======

Subjects {#sec007}
--------

Fourteen patients with IXT with a mean age of 32.1 ± 16.4 (mean ± standard deviation) years (range, 13--60 years) were recruited from the Department of Ophthalmology, Osaka University Hospital, Osaka, Japan. All patients were diagnosed by a single ophthalmologist who is a strabismus specialist (TF).

Fifteen group age-matched healthy volunteers with a mean age of 31.2 ± 9.3 years (range, 21--51 years) were recruited as controls via online recruitment. All patients and control healthy volunteers underwent ophthalmological examinations that included visual acuity at a distance of 5.0 m, angle of deviation using the alternate prism cover test both at proximity (33 cm) and at a distance (5.0 m), and stereo acuity (Titmus Stereo Tests; Stereo Optical Co., Chicago, IL, USA). Minus and plus signs in the angle of deviation indicate exodeviation and esodeviation in the alternate prism cover test. Stereo acuity was converted to the logarithm of arcsecond (log arcsec).

Written informed consent was obtained from all subjects after the nature and possible complications of the study were explained to them. This investigation adhered to the tenets of the World Medical Association Declaration of Helsinki. The experimental protocol and consent procedures were approved by the Institutional Review Board of Osaka University Medical School (approval no. 15294--4).

Binocular fusion maintenance {#sec008}
----------------------------

BFM can be assessed by reducing the intensity of incident light on one eye, which is defined by the number of photons, because the perceptive size of the retinal image depends on the intensity of incident light\[[@pone.0230788.ref017]\]. BFM was measured using a custom-made binocular open-view Shack--Hartmann wavefront aberrometer \[(BWFA); Topcon Co., Ltd., Tokyo, Japan\] with an 840 nm infrared light\[[@pone.0230788.ref018]\]. The BWFA was equipped with an eye tracking system that was used to monitor the pupil and corneal reflection with a 940 nm infrared light. This instrument measured and recorded binocular eye movements, wavefront aberrations, and pupil size simultaneously at a sampling rate of 30 Hz. The binocular fusion break can be judged objectively using the eye tracker with the BWFA because one eye deviates in the exo- or eso-direction after the binocular fusion break \[[@pone.0230788.ref019]\].

The liquid crystal shutters \[X-FOS (G2)-CE 2 × 2; LC-Tec Displays AB, Borlänge, Sweden\] were placed between the BWFA and the subjects\' eyes to reduce the intensity of incident light. The transmittance of the liquid crystal shutter was changed linearly from 0.07% to 23.0%. This change was averaged in the wavelengths between 430 and 720 nm and confirmed with a spectroradiometer (SR-LEDW; Topcon).

During calibration, the subjects were asked to fixate on eight horizontal asterisk targets on a calibration plate placed 50 cm in front of their eyes. The positions of these targets in the horizontal plane were −8.0°, −5.7°, −3.4°, −1.1°, +1.1°, +3.4°, +5.7°, and +8.0°. Using a calibration curve, the distance between the center of the pupil and the corneal reflection was translated into the angle of ocular rotation. The measurement error at 50 cm was 0.3° to 0.5° (interquartile range). The binocular eye movements were used to calculate vergence.

The measurement procedure followed the process described in our previous study\[[@pone.0230788.ref011]\]. The spherical and cylindrical errors in all subjects were corrected between 0.00 D and −0.20 D using objective values obtained from the BWFA at 5.0 m. An examiner asked the subject about the sharpness of the starburst target (33.3 arc minutes) on the printed plate at 33 cm and added plus lenses to both eyes equally until the target could be seen clearly and confirmed that the subject's corrected visual acuity in each eye at 33 cm was equal to or greater than 0.0 logMAR.

The subjects continued to fixate the starburst target that was same as the one used to correcting the refractive errors at the subject\'s eye level and for wavefront aberrations of second orders (accommodative response), and pupil diameter were measured and recorded continuously for 50 s. The transmittance of the liquid crystal shutter the nondominant eye, which was determined by a hole-in-the-card test, was set at 23.0% for 2 s and was then reduced sequentially by 1.15% every second. Between 22 and 27 s, the transmittance was maintained at 0.07%, after which it was increased by 1.15% every second and was finally maintained at 23.0% between 47 and 50 s. The transmittance for the dominant eye was sustained at 23.0% throughout the 50 s period. The BFM test evaluated the intensity of incident light ratio with both eyes during binocular fusion break and was conducted three times before and three times after the visual task.

Near point of convergence and fusional vergence range {#sec009}
-----------------------------------------------------

IXT is characterized by prolonged NPC and low fusional convergence at close distances. Thus, all subjects performed the NPC and fusional vergence range tests before and after the visual task.

To measure the NPC, the subject was instructed to fixate on an accommodative target. An examiner then moved the target from a far to a near position until the subject perceived diplopia or one eye deviated from the fusional position. The distance from the bridge of the nose to the breakpoint was measured with a ruler and was determined as the NPC. If the measured value was ≤ 1 cm, it was recorded as 1 cm\[[@pone.0230788.ref020]\].

To measure the fusional vergence range, the subject fixated on a target placed at a distance of 5.0 m, with full-corrected spectacles. A prism bar was placed in front of the nondominant eye. The diopter of the prism was increased until the subject perceived diplopia or one eye deviated from the fusional position. The dioptric value of the breakpoint was determined as the fusional vergence range.

Visual task {#sec010}
-----------

During the visual task, all subjects fixated on the target (white asterisk of 2 cm on a black board), which was placed in front of the eyes. The target moved reciprocally (back and forth) from 67 cm to 40 cm \[range of 1 meter angle (MA)\] with speed 0.5 MA/s using electric motor (Movie 1). One trial was defined as the three reciprocating motions. The patients and healthy volunteers performed the visual task with correction of refractive errors for 5.0 m. All subjects underwent four trials. The binocular eye movements and accommodative responses were measured simultaneously during the visual task. The visual task was completed within 2 min.

Subjective symptoms questionnaire {#sec011}
---------------------------------

All subjects were asked to complete a subjective symptoms questionnaire at the beginning and end of the examination. The questionnaire was the same as that described in our previous studies ([S1 Fig](#pone.0230788.s001){ref-type="supplementary-material"})\[[@pone.0230788.ref011], [@pone.0230788.ref021]--[@pone.0230788.ref023]\]). Questions 1--3 \[1, How tired are your eyes?; 2, How clear is your vision?; 3, How do your eyes feel (pain and/or dry eye)?\] were designed to assess subjective eye symptoms, whereas Questions 4--7 (4, How tired is your back?; 5, How tired is you neck?; 6, How severe is your headache?; 7, How sleepy do you feel?) were designed to assess physical and psychological discomfort. Each question was scored from 0 to 4, and all subjects were asked to choose one score for each question. The subjects gave their responses after hearing the questions about overall fatigue, and not just eyes, to avoid bias. The subjective eye symptom scores (Q1, Q2, Q3) were summed up to obtain the subjective eye symptom score. The physical and psychological discomfort scores (Q4, Q5, Q6, Q7) were summed to obtain the total subjective physical and psychological discomfort score.

Data analysis {#sec012}
-------------

Patients with IXT showed a wide variety of clinical features. Burian's classification of intermittent exotropia was based on the difference between distant exodeviation and near exodeviation and was categorized into the following three types, basic type (difference between distant exodeviation and near deviation \<10 prism diopter (PD)), divergence excess type (distant exodeviation is \> 10 PD greater than near exodeviation), and convergence insufficiency (CI) type (distant exodeviation is \> 10 PD lower than near exodeviation) \[[@pone.0230788.ref024], [@pone.0230788.ref025]\]. Patients with IXT were classified into subgroups as per this classification.

Data on eye positions, aberrations, and pupil sizes in both eyes were exported to an Excel file. Data were excluded if the pupil diameter changed by more than 2 mm per frame due to blinking\[[@pone.0230788.ref026]\]. Data were also excluded if the pupil diameter changed by more than 0.2 mm per frame over an average of 11 points and a median of 5 points due to noise. The missing values were replaced by a linearly interpolated value.

The eye position data collected during the 50 s measurement periods were averaged over the three trials before and after the visual task. The binocular fusion break time (T~B~) was calculated automatically from the nondominant eye movements based on the results of our previous study\[[@pone.0230788.ref011]\] using Python 3.6.5. Base~min~ was determined as the average eye position over 2 seconds after beginning the measurement in which the transmittance of the liquid crystal shutter remained equal between the right and left eye. Base~max~ was determined as the average eye position in the nondominant eye over 2 seconds between 25 and 27 seconds in which the difference in the transmittance between the right and left eye was the largest. The amplitude in the deviation of the nondominant eye (D~n~) was calculated as \[Base~max~ − Base~min~\]. Then, the points at which the amplitude of deviation in the nondominant eye reached 10% and 90% of the total amplitude, designated as 0.1D~n~ and 0.9D~n~, respectively, were determined during the fusion break phase. A linear regression line was created using the nondominant eye position at 0.1 D~n~ and 0.9 D~n~. Then, T~B~ was determined as the intersection between Base~min~ and the linear regression line of the fusion break phase. BFM was calculated by the following equation: $$Binocular\mspace{360mu} fusion\mspace{360mu} maintenance\mspace{360mu}\left( BFM \right) = 1 - \frac{{Transmittance}_{(nondominant\mspace{360mu} eye)}\mspace{360mu} at\mspace{360mu} T_{B}}{{Transmittance}_{(dominant\mspace{360mu} eye)}}$$

Statistical analysis {#sec013}
--------------------

Differences in BFM, NPC, fusional vergence range, and subjective symptom scores before and after the visual task were assessed by the Wilcoxon signed-rank test after assessment of normality by the Shapiro--Wilk test within the IXT and control groups.

To assess the significance of the differences between the IXT and control groups in the changes (post − pre) in BFM, NPC, fusional vergence range, total subjective scores of eye symptom (Q1 + Q2 + Q3), and physical and psychological discomfort (Q4 + Q5 + Q6 + Q7) were determined by the Mann--Whitney *U* test after assessment of normality by the Shapiro--Wilk test. The same analysis was done conducted in subgroups of IXT.

The degree of visual fatigue was then evaluated. The relationships between changes in BFM and total subjective scores of eye symptom and physical and psychological discomfort in the IXT and control groups were analyzed, and the significance of differences in slope and intercept between the two groups was determined by the generalized linear mixed-effect model. The same analysis was done conducted in subgroups of IXT.

IBM SPSS Statistics v26 (IBM Corp., Armonk, NY, USA) was used to determine the significance of the differences, and a *P* value \< 0.05 was considered to indicate statistical significance.

Results {#sec014}
=======

In the IXT group ([Table 1](#pone.0230788.t001){ref-type="table"}), 9 patients were basic type IXT and 5 patients were convergence insufficiency (CI) type IXT. Of the 14 patients with IXT, 3 underwent strabismus surgery at least 4 months before the study. The mean refractive error \[spherical equivalent (SE)\] of the right eye was −2.50 ± 3.13 (mean ± standard deviation) diopters (D) and that of the left eye was −2.46 ± 3.23 D. Best corrected visual acuity (BCVA) was equal to or greater than 0.0 logMAR (minimum angle of resolution) in all patients. The average angle of deviation was −20.0 ± 9.7 PD at proximity and −14.6 ± 13.4 PD at a distance. The mean stereo acuity was 1.84 ± 0.24 log arcsec.

10.1371/journal.pone.0230788.t001

###### Demographics of the intermittent exotropia (IXT) group.

![](pone.0230788.t001){#pone.0230788.t001g}

  Patient   Classification   Age (y)   SE (D)   Angle of deviation (PD)   Stereo acuity (log arcsec)           
  --------- ---------------- --------- -------- ------------------------- ---------------------------- ------- ------
  P1        CI type          60        0.25     0.00                      −18.0                        −8.0    2.00
  P2        Basic type       13        −6.50    −7.25                     −16.0                        −10.0   2.15
  P3        Basic type       52        4.50     4.25                      −6.0                         −4.0    2.00
  P4        Basic type       25        −4.25    −3.50                     −12.0                        −4.0    1.70
  P5        Basic type       25        −3.00    −1.75                     −14.0                        −12.0   1.60
  P6        CI type          21        −0.25    −0.25                     −14.0                        −4.0    1.60
  P7        CI type          34        −5.50    −4.50                     −18.0                        −6.0    1.60
  P8        CI type          30        −5.25    −5.25                     −25.0                        −14.0   1.60
  P9        Basic type       23        −3.50    −4.50                     −25.0                        −30.0   1.70
  P10       CI type          30        −2.75    −3.25                     −30.0                        −8.0    1.70
  P11       Basic type       13        −6.25    −7.25                     −45.0                        −50.0   2.15
  P12       Basic type       15        −0.50    0.00                      −20.0                        −25.0   1.60
  P13       Basic type       55        0.75     0.50                      −25.0                        −25.0   2.15
  P14       Basic type       53        −2.75    −1.75                     −12.0                        −4.0    2.15

The error term is the standard deviation. Minus and plus signs in the angle of deviation indicate exodeviation and esodeviation, respectively. CI, convergence insufficiency; y, years; SE, spherical equivalent; D, diopter; PD, prism diopter; RE, right eye; LE, left eye; log arcsec, logarithm of arcsecond.

In the control group ([Table 2](#pone.0230788.t002){ref-type="table"}), the mean SE of the right eye was −2.60 ± 1.63 D and that of the left eye was −2.65 ± 1.76 D. BCVA was equal to or greater than 0.0 logMAR in all subjects. The average angle of deviation was −4.8 ± 5.3 PD at proximity and −0.6 ± 5.2 PD at a distance. All healthy individuals had a stereo acuity of 1.60 log arcsec.

10.1371/journal.pone.0230788.t002

###### Demographics of the control group.

![](pone.0230788.t002){#pone.0230788.t002g}

  Healthy volunteer   Age (y)   SE (D)   Angle of deviation (PD)   Stereo acuity (log arcsec)          
  ------------------- --------- -------- ------------------------- ---------------------------- ------ ------
  H1                  35        −0.75    −0.50                     −6.0                         0.0    1.60
  H2                  21        −3.00    −3.00                     −2.0                         2.0    1.60
  H3                  25        −2.25    −2.25                     −2.0                         −2.0   1.60
  H4                  23        0.00     0.00                      −2.0                         0.0    1.60
  H5                  24        −3.25    −3.25                     −12.0                        −1.0   1.60
  H6                  44        −2.50    −2.50                     −2.0                         0.0    1.60
  H7                  44        −1.75    −3.00                     −4.0                         0.0    1.60
  H8                  51        −4.25    −5.00                     0.0                          0.0    1.60
  H9                  25        −3.75    −4.00                     2.0                          3.0    1.60
  H10                 30        −4.50    −4.50                     −10.0                        0.0    1.60
  H11                 24        −3.00    −1.75                     −4.0                         0.0    1.60
  H12                 27        0.00     0.00                      −12.0                        −4.0   1.60
  H13                 40        −2.75    −2.50                     4.0                          2.0    1.60
  H14                 30        −1.50    −1.50                     −10.0                        −6.0   1.60
  H15                 25        −5.75    −6.00                     −12.0                        −4.0   1.60

The error term is the standard deviation. Minus and plus signs in the angle of deviation indicate exodeviation and esodeviation, respectively.

y, years; SE, spherical equivalent; D, diopter; PD, prism diopter; RE, right eye; LE, left eye; NPC, near point convergence; log arcsec, logarithm of arcsecond.

Representative vergence and accommodative response data (healthy volunteer 14 and patient 10) during the performance of the visual task are shown in Figs [1](#pone.0230788.g001){ref-type="fig"} and [2](#pone.0230788.g002){ref-type="fig"}. The binocular coordination was checked based on numerical data and anterior video data. Healthy volunteer maintained binocular coordination during the visual task ([Fig 1](#pone.0230788.g001){ref-type="fig"}). However, binocular coordination in the patient with IXT was gradually disrupted during the visual task ([Fig 2a](#pone.0230788.g002){ref-type="fig"}). The target followability of the nondominant eye deteriorated in all patients. The accommodative response also did not follow the accommodative stimulus after binocular coordination was disrupted in the patient with IXT ([Fig 2b](#pone.0230788.g002){ref-type="fig"}). All healthy volunteers maintained binocular coordination during the visual task. However, binocular coordination was gradually disrupted in all patients with IXT during the visual task.

![Vergence (a) and accommodative (b) responses of a healthy volunteer stimulus in the visual task.\
The blue, red, and green squares indicate the left eye, right eye, and stimuli, respectively. The healthy volunteer maintained binocular coordination during the visual task. MA, meter angle; D, diopter.](pone.0230788.g001){#pone.0230788.g001}

![Vergence (a) and accommodative (b) responses of a patient with intermittent exotropia (IXT) stimuli in the visual task.\
The blue, red, and green squares indicate the left eye, right eye, and stimuli, respectively. Binocular coordination in the patient with IXT was gradually disrupted during the visual task. MA, meter angle; D, diopter.](pone.0230788.g002){#pone.0230788.g002}

In the IXT group, BFM was significantly lower for the postvisual task than for the previsual task (0.729 ± 0.252 vs. 0.915 ± 0.119; *P* = 0.003; [Fig 3a](#pone.0230788.g003){ref-type="fig"}, [Table 3](#pone.0230788.t003){ref-type="table"}). NPC was significantly reduced for the postvisual task than for the previsual task (4.7 ± 3.2 cm vs. 5.6 ± 3.8 cm; *P* = 0.012; [Fig 3b](#pone.0230788.g003){ref-type="fig"}, [Table 3](#pone.0230788.t003){ref-type="table"}, and [S1](#pone.0230788.s003){ref-type="supplementary-material"} and [S2](#pone.0230788.s004){ref-type="supplementary-material"} Tables). Fusional vergence range was not significantly different between the pre- and postvisual task (23.6 ± 8.7 PD vs. 21.1 ± 10.8 PD; *P* = 0.134; [Fig 3c](#pone.0230788.g003){ref-type="fig"}, [Table 3](#pone.0230788.t003){ref-type="table"}, and [S1](#pone.0230788.s003){ref-type="supplementary-material"} and [S2](#pone.0230788.s004){ref-type="supplementary-material"} Tables). Subjective eye symptom scores (Q1, Q2, and Q3) were significantly worse in the postvisual task than in the previsual task (Q1, *P* = 0.003; Q2, *P* = 0.034; Q3, *P* = 0.002; [Table 3](#pone.0230788.t003){ref-type="table"}, and [S1](#pone.0230788.s003){ref-type="supplementary-material"} and [S2](#pone.0230788.s004){ref-type="supplementary-material"} Tables). The quartiles of BFM, NPC, and fusional vergence range in the previsual and postvisual task were 0.850 and 0.950 vs. 0.555 and 0.950, 1.0 and 6.5 vs. 1.0 and 7.5, and 16.0 and 32.0 vs. 14.0 and 30.0, respectively. Furthermore, the medians of BFM, NPC, and fusional vergence range were 1.00 vs. 0.822, 5.8 vs. 7.0, and 26.0 vs. 19.0, respectively, and 95% confidence intervals of BFM, NPC, and fusional vergence range were 0.846--0.984 vs. 0.583--0.876, 2.9--6.5 vs. 3.4--7.7, and 18.6--28.7 vs. 14.8--27.3, respectively.

![Binocular fusion maintenance (BFM) (a), near point of convergence (NPC) (b), and fusional vergence range (c) before (red) and after (blue) the visual task within the intermittent exotropia (IXT) group.\
The red and blue circles indicate individual BFM, NPC, and fusional vergence range values within the IXT group. The red and blue squares indicate the mean values for all the patients. \*\**P* \< 0.01, Wilcoxon signed-rank test.](pone.0230788.g003){#pone.0230788.g003}

10.1371/journal.pone.0230788.t003

###### Mean results for the intermittent exotropia (IXT) group.

![](pone.0230788.t003){#pone.0230788.t003g}

  Test                               Previsual task   Postvisual task   *P* value
  ---------------------------------- ---------------- ----------------- -----------
  BFM                                0.915 ± 0.119    0.729 ± 0.252     \* 0.003
  NPC (cm)                           4.7 ± 3.2        5.6 ± 3.8         \* 0.012
  Fusional vergence range (PD)       23.6 ± 8.7       21.1 ± 10.8       0.134
  Subjective symptom questionnaire                                      
   Q1                                2.07 ± 0.83      2.93 ± 0.83       \* 0.003
   Q2                                1.14 ± 0.53      1.64 ± 1.01       \* 0.034
   Q3                                2.00 ± 0.88      2.92 ± 0.92       \* 0.002
   Q4                                2.28 ± 1.14      2.28 ± 1.07       0.99
   Q5                                2.21 ± 1.31      2.21 ± 1.12       0.99
   Q6                                1.21 ± 1.12      1.00 ± 0.96       0.32
   Q7                                1.43 ± 1.01      1.78 ± 1.25       0.21

The error term is the standard deviation. The pre- and postvisual task differences were analyzed by the Wilcoxon signed-rank test. BFM, binocular fusion maintenance; NPC, near point of convergence; PD, prism diopter.

In the control group, BFM did not significantly change from before (0.947 ± 0.068) to after (0.917 ± 0.082; *P* = 0.139) the visual task ([Fig 4a](#pone.0230788.g004){ref-type="fig"}, [Table 4](#pone.0230788.t004){ref-type="table"}, and [S3](#pone.0230788.s005){ref-type="supplementary-material"} and [S4](#pone.0230788.s006){ref-type="supplementary-material"} Tables). NPC was significantly lower for the postvisual task than for the previsual task (2.6 ± 2.1 cm vs. 1.8 ± 1.8 cm; *P* = 0.043; [Fig 4b](#pone.0230788.g004){ref-type="fig"}, [Table 4](#pone.0230788.t004){ref-type="table"}, and [S3](#pone.0230788.s005){ref-type="supplementary-material"} and [S4](#pone.0230788.s006){ref-type="supplementary-material"} Tables). Fusional vergence range was not significantly different between the pre- (32.5 ± 8.9 PD) and postvisual task (33.4 ± 7.6 PD; *P* = 0.54; [Fig 4c](#pone.0230788.g004){ref-type="fig"}, [Table 4](#pone.0230788.t004){ref-type="table"}, and [S3](#pone.0230788.s005){ref-type="supplementary-material"} and [S4](#pone.0230788.s006){ref-type="supplementary-material"} Tables). The subjective eye symptom score (Q1) was significantly worse in the postvisual task than in the previsual task (Q1, *P* = 0.013; [Table 4](#pone.0230788.t004){ref-type="table"}, [S3](#pone.0230788.s005){ref-type="supplementary-material"} and [S4](#pone.0230788.s006){ref-type="supplementary-material"} Tables). The subjective eye symptom scores of Q2 (pre, 0.87 ± 0.64; post, 0.80 ± 0.41; *P* = 0.57; [Table 4](#pone.0230788.t004){ref-type="table"}) and Q3 (pre, 1.13 ± 0.74; post, 1.46 ± 0.64; *P* = 0.096; [Table 4](#pone.0230788.t004){ref-type="table"}) were not significantly different between the previsual and postvisual task. The quartiles of BFM, NPC, and fusional vergence range in the previsual and postvisual task were 0.900 and 1.00 vs. 0.850 and 1.00, 1.0 and 1.0 vs. 1.0 and 4.0, and 26.0 and 44.0 vs. 28.0 and 40.0, respectively. The medians of BFM, NPC, and fusional vergence range were 1.00 vs. 0.950, 1.0 vs. 1.0, and 30.0 vs. 33.0, respectively. Furthermore, 95% confidence intervals of BFM, NPC, and fusional vergence range were 0.909--0.984 vs. 0.872--0.962, 0.8--2.7 vs. 1.4--3.7, and 27.6--37.5 vs. 29.2--37.7, respectively.

![Binocular fusion maintenance (BFM) (a), near point of convergence (NPC) (b), and fusional vergence range (c) before (red) and after (blue) the visual task within the control group.\
The red and blue circles indicate individual BFM, NPC, and fusional vergence range values within the control group. The red and blue squares indicate the mean values for all the healthy volunteers. \**P* \< 0.05, Wilcoxon signed-rank test.](pone.0230788.g004){#pone.0230788.g004}

10.1371/journal.pone.0230788.t004

###### Mean results for the control group.

![](pone.0230788.t004){#pone.0230788.t004g}

  Test                               Previsual task   Postvisual task   *P* value
  ---------------------------------- ---------------- ----------------- -----------
  BFM                                0.947 ± 0.068    0.917 ± 0.082     0.139
  NPC (cm)                           1.8 ± 1.8        2.6 ± 2.1         \* 0.043
  Fusional vergence range (PD)       32.5 ± 8.9       33.4 ± 7.6        0.54
  Subjective symptom questionnaire                                      
   Q1                                1.00 ± 0.76      1.67 ± 0.72       \* 0.013
   Q2                                0.87 ± 0.64      0.80 ± 0.41       0.57
   Q3                                1.13 ± 0.74      1.46 ± 0.64       0.096
   Q4                                1.07 ± 0.79      1.20 ± 0.86       0.157
   Q5                                1.00 ± 0.76      1.07 ± 0.79       0.57
   Q6                                0.67 ± 0.62      0.67 ± 0.48       0.99
   Q7                                1.00 ± 0.65      1.28 ± 1.08       0.21

The error term is the standard deviation. The pre- and postvisual task differences were analyzed by the Wilcoxon signed-rank test. BFM, binocular fusion maintenance; NPC, near point of convergence; PD, prism diopter.

IXT vs. control {#sec015}
---------------

The change in BFM was significantly and negatively greater in the IXT group than in the control group (−0.185 ± 0.187 vs. −0.030 ± 0.070; *P* = 0.010; [Fig 5a](#pone.0230788.g005){ref-type="fig"}). The change in NPC (0.8 ± 1.0 cm vs. 0.8 ± 1.5 cm; *P* = 0.53; [Fig 5b](#pone.0230788.g005){ref-type="fig"}) and fusional vergence range (−2.6 ± 6.8 PD vs. 0.9 ± 5.1 PD; *P* = 0.077; [Fig 5c](#pone.0230788.g005){ref-type="fig"}) were not significantly different between the IXT and control group. The change in total subjective eye symptom score was significantly greater in the IXT group than in the control group (2.28 ± 1.43 vs. 0.93 ± 1.27; *P* = 0.018; [Fig 5d](#pone.0230788.g005){ref-type="fig"}). The changes in total physical and psychological discomfort (0.11 ± 0.38 vs. 0.04 ± 0.38) were not significantly different between the two groups (*P* = 0.56).

![Changes in binocular fusion maintenance (BFM) (a), near point of convergence (NPC) (b), fusional vergence range (c), and total subjective eye symptom score (b) in the intermittent exotropia (IXT) (red) and control (blue) groups.\
The red and blue circles indicate individual BFM, NPC, fusional vergence range, and total subjective eye symptom scores (Q1 + Q2 + Q3) in the IXT and control groups. \**P* \< 0.05, Mann--Whitney *U* test.](pone.0230788.g005){#pone.0230788.g005}

The quartiles of BFM, NPC, fusional vergence range, and total subjective eye symptom score were --0.038 and --0.300 vs. 0.000 and --0.100, 0.0 and 2.0 vs. 0.0 and 1.0, 0.5 and --5.8 vs. --2.0 and 3.0 and 1.0 and 3.3 vs. 0.0 and 2.0. The medians of BFM, NPC, fusional vergence range, and total subjective eye symptom score were 1.000 vs. 0.000, 1.0 vs.0.0, 1.0 vs.0.0, and 30.0 vs. 1.0. The 95% confidence intervals of BFM, NPC, fusional vergence range, and total subjective eye symptom score were (--0.293 to --0.077 vs. --0.069 to 0.009), (0.3--1.5 vs. 0.0 to 1.6), (--6.5 to 1.4 vs. --1.9 to 3.8) and (1.4 to 3.1 vs. 0.2 to 1.6).

The change in BFM was significantly and negatively correlated with the change in total subjective eye symptom score in the IXT group (*R*^2^ = 0.665, *P* \< 0.001) and the control group (*R*^2^ = 0.292, *P* = 0.038; [Fig 6a](#pone.0230788.g006){ref-type="fig"}). The slope was significantly and negatively steeper in the IXT group than in the control group (−0.106 ± 0.017 vs. −0.030 ± 0.019; *P* = 0.006), but the intercept did not significantly differ between the groups (*P* = 0.29; [Fig 6a](#pone.0230788.g006){ref-type="fig"}).

![Relationship between binocular fusion maintenance (BFM) and total subjective eye symptom score in the intermittent exotropia (IXT) (red) and control (blue) groups (a) and subgroup of IXT (b).\
The red circles and blue crosses indicate individual changes in BFM values and total subjective eye symptom scores (Q1 + Q2 + Q3) in the IXT and control groups. The purple squares and green triangles indicate basic type IXT and convergence insufficiency (CI) type IXT.](pone.0230788.g006){#pone.0230788.g006}

The change in NPC and fusional vergence range were not significantly correlated with the change in total subjective eye symptom score in the IXT group (NPC, *R*^*2*^ = 0.017, *P* = 0.66; fusional vergence range, *R*^*2*^ = 0.069, *P* = 0.37) and control group (NPC, *R*^*2*^ = 0.002, *P* = 0.87; fusional vergence range, *R*^*2*^ = 0.000, *P* = 0.99). The slopes in NPC (0.133 ± 0.260 vs. 0.057 ± 0.327; *P* = 0.85) and fusional vergence range (−1.479 ± 1.168 vs. −0.003 ± 1.109; *P* = 0.40) were not significantly different in the IXT and control group.

The changes in the BFM, NPC, and fusional vergence range were not significantly correlated with that in the total physical and psychological discomfort scores in the IXT group (BFM, *R*^*2*^ = 0.206, *P* = 0.102; NPC, *R*^*2*^ = 0.004, *P* = 0.71; fusional vergence range, *R*^*2*^ = 0.002, *P* = 0.83) and control group (BFM, *R*^*2*^ = 0.193, *P* = 0.101; NPC, *R*^*2*^ = 0.011, *P* = 0.72; fusional vergence range, *R*^*2*^ = 0.001, *P* = 0.98). The slopes in the BFM (−0.218 ± 0.123 vs. −0.077 ± 0.044; *P* = 0.28), NPC (−0.279 ± 0.769 vs. −0.179 ± 1.047; *P* = 0.94) and fusional vergence range (−0.108 ± 5.053 vs. −2.075 ± 3.508; *P* = 0.75) were not significantly different for the IXT and control groups.

Subgroup in IXT: Basic type vs. CI type {#sec016}
---------------------------------------

The changes in BFM, NPC, fusional vergence range, and total subjective symptom score were not significantly different between the patients with basic type IXT and the patients with CI type IXT ([Table 4](#pone.0230788.t004){ref-type="table"}). The slope in BFM on total subjective eye symptom score was significantly and negatively steeper in the basic type IXT than in the CI type IXT (−0.131 ± 0.022 vs. −0.025 ± 0.042; *P* = 0.046; [Fig 6b](#pone.0230788.g006){ref-type="fig"}). The intercept in BFM was not significantly different between both subgroup (*P* = 0.069).

NPC (0.187 ± 0.245 vs. −0.167 ± 0.461; *P* = 0.51) and fusional vergence range (−0.665 ± 1.586 vs. −3.500 ± 2.638; *P* = 0.40) on total subjective eye symptom score were not significantly different between the patients with basic type IXT and the patients with CI type IXT. The intercept in NPC (*P* = 0.85) and fusional convergence range (*P* = 0.27) on total subjective eye symptom score was not significantly different between the patients with basic type IXT and the patients with CI type IXT.

Discussion {#sec017}
==========

In the present study, we evaluated the degree of visual fatigue in patients with IXT (basic type and CI type) using objective and subjective indicators. The decrease in BFM was significantly greater in the IXT group than in the control group ([Fig 5a](#pone.0230788.g005){ref-type="fig"}). The change in total subjective eye symptom score was also significantly greater in the IXT group than in the control group ([Fig 5d](#pone.0230788.g005){ref-type="fig"}). The change in BFM was significantly and negatively correlated with the change in total subjective eye symptom score in the IXT and control groups, respectively ([Fig 6a](#pone.0230788.g006){ref-type="fig"}). Moreover, the rate of reduction of BFM with increase in total subjective eye symptom score was significantly greater in the IXT group than in the control group ([Fig 6a](#pone.0230788.g006){ref-type="fig"}). These findings have objectively shown that patients with IXT are at a greater risk of visual fatigue in comparison with healthy individuals.

In the present study, the patients and healthy volunteers performed the visual task, in which the target moved reciprocally from 67 cm to 40 cm, with speed 0.5 MA/s under the correction of refractive errors for 5.0 m. All subjects followed the target during the visual task, and vergence and accommodation were recorded simultaneously (Figs [1](#pone.0230788.g001){ref-type="fig"} and [2](#pone.0230788.g002){ref-type="fig"}). Our findings support the evidence that the vergence and accommodation systems act simultaneously\[[@pone.0230788.ref008]\]. Moreover, NPC was significantly reduced in the postvisual task than in the previsual task in each group (Figs [3b](#pone.0230788.g003){ref-type="fig"} and [4b](#pone.0230788.g004){ref-type="fig"}). These findings suggest that the present task imposes a strain on vergence.

Binocular coordination in the patient with IXT was gradually disrupted during the visual task ([Fig 1a](#pone.0230788.g001){ref-type="fig"}). In contrast, the healthy volunteers maintained binocular coordination during the visual task ([Fig 2a](#pone.0230788.g002){ref-type="fig"}). The accommodative response reduced and did not follow the accommodative stimulus after binocular coordination was disrupted in a patient with IXT ([Fig 1b](#pone.0230788.g001){ref-type="fig"}). These findings suggest that vergence eye movement in the patients with IXT is fragile as compared with the healthy volunteers; moreover, in patients with IXT, the accommodative response declined due to a lack of convergence accommodation.

The subjective symptom scores of Q1, Q3, Q4, Q5, and Q6 in the IXT group were approximately two-fold higher than those in the control group in the previsual task. (Tables [3](#pone.0230788.t003){ref-type="table"} and [4](#pone.0230788.t004){ref-type="table"}). These subjective symptom scores may relate to the baseline of BFM, NPC, and fusional vergence range because these values were worse in the IXT group than in the control group. The amount of change before and after was evaluated to cancel the carry-over effect in the present study. The changes in the total subjective eye symptom scores were significantly greater in the IXT group than in the control group (Figs [3d](#pone.0230788.g003){ref-type="fig"}--[5d](#pone.0230788.g005){ref-type="fig"} and Tables [2](#pone.0230788.t002){ref-type="table"} and [3](#pone.0230788.t003){ref-type="table"}). We have calculated the sum of three symptoms to evaluate visual fatigue because visual fatigue exhibits a variety of symptoms, such as tired eyes, blurry vision, and eye sensation (pain and/or dry eye)\[[@pone.0230788.ref021]--[@pone.0230788.ref023], [@pone.0230788.ref027]\]. In the present study, 11 of the 14 patients were adults with IXT. Von Noorden reported that the frequency of symptoms with visual fatigue was higher in adult patients than in pediatric patients\[[@pone.0230788.ref004]\]. The physical and psychological discomfort was not significantly different between the IXT and control groups and was not correlated with the BFM, NPC, and fusional vergence range. These findings suggest that the BFM, NPC, and convergence mainly relate to subjective eye symptoms and less relate to subjective physical and psychological discomfort.

BFM is more easily collapsed using binocular stress in patients with IXT than in healthy individuals (Figs [3](#pone.0230788.g003){ref-type="fig"}--[5](#pone.0230788.g005){ref-type="fig"} and Tables [2](#pone.0230788.t002){ref-type="table"} and [3](#pone.0230788.t003){ref-type="table"}). The present findings are in agreement of those reported by Hirota et al.\[[@pone.0230788.ref011]\], who reported that BFM in the healthy volunteers was significantly reduced and fusional vergence range was not significantly different using binocular stress, suggesting that the BFM test can also be applied to patients with IXT.

Changes in BFM were significantly and negatively correlated with changes in total subjective eye symptom score in both the IXT and the control groups. These findings are consistent with those of Hirota et al. \[[@pone.0230788.ref011]\], who reported that a change in BFM was significantly and negatively correlated with a change in total subjective eye symptom score in healthy volunteers. Furthermore, the authors have considered that the BFM is a sensitive indicator to evaluate visual fatigue objectively because the control group showed no significant difference between the previsual and postvisual tasks in this study. The rate of reduction of BFM with increase in total subjective eye symptom score (slope) was significantly greater in the IXT group than in the control group, but there was no significant difference between the two groups at the zero point of total subjective eye symptom score (intercept) ([Fig 6a](#pone.0230788.g006){ref-type="fig"}). These findings suggest that patients with IXT are at a greater risk of visual fatigue in comparison with healthy individuals.

Although it is preliminary data because the sample size is small, the changes in BFM, NPC, fusional vergence range, and total subjective eye symptom score were not significantly different between the patients with basic type IXT and patients with CI type IXT in the present study ([Table 5](#pone.0230788.t005){ref-type="table"}). However, the slope in BFM on total subjective eye symptom score was significantly and negatively steeper in the basic type IXT than in the CI type IXT ([Fig 6b](#pone.0230788.g006){ref-type="fig"}). Thus, we will investigate the difference in type of IXT by increasing the sample size in future work.

10.1371/journal.pone.0230788.t005

###### Mean results for the intermittent exotropia (IXT) subgroup.

![](pone.0230788.t005){#pone.0230788.t005g}

  Change in test                     Basic type (n = 9)   CI type (n = 5)   *P* value
  ---------------------------------- -------------------- ----------------- -----------
  BFM                                −0.200 ± 0.228       −0.160 ± 0.096    0.90
  NPC (cm)                           1.0 ± 1.1            0.5 ± 1.0         0.37
  Fusional vergence range (PD)       −3.9 ± 6.8           −0.2 ± 7.0        0.99
  Subjective symptom questionnaire                                          
   Q1                                1.00 ± 0.71          0.60 ± 0.55       0.37
   Q2                                0.67 ± 1.00          0.20 ± 0.44       0.44
   Q3                                0.78 ± 0.67          1.20 ± 0.45       0.30
   Q4                                0.00 ± 0.50          0.00 ± 0.00       0.99
   Q5                                0.00 ± 0.71          0.00 ± 0.00       0.99
   Q6                                0.33 ± 0.86          0.00 ± 0.71       0.61
   Q7                                0.44 ± 1.13          0.20 ± 0.84       0.90

The error term is the standard deviation. The differences between patient with basic type and CI type were analyzed by the Mann--Whitney U test. CI, convergence insufficiency; BFM, binocular fusion maintenance; NPC, near point of convergence; PD, prism diopter.

Conclusions {#sec018}
===========

The change in BFM, after a visual task, was significantly lower in the IXT group than in the control group. The change in total subjective eye symptom score, after a visual task, was significantly worse in the IXT group than in the control group. Further, the rate of reduction of BFM with increase in total subjective eye symptom score was significantly greater in the IXT group than in the control group, but there was no significant difference between the two groups when the subjects were not aware of visual fatigue. These findings using the BFM objectively show that patients with IXT are at a greater risk of visual fatigue in comparison with healthy individuals.

Supporting information {#sec019}
======================

###### The subjective symptom questionnaire.

Questions 1--3 were designed to assess subjective eye symptoms and Questions 4--7 to assess physical and mental discomfort. The total scores for Q1--3 were used to assess visual fatigue resulting from the visual task. n.p.: no problem.
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Click here for additional data file.

###### Distribution for the intermittent exotropia (IXT) group in the previsual task.

The error term is the standard deviation. The normality of previsual task were analyzed by the Shapiro-Wilk test. BFM, binocular fusion maintenance; NPC, near point of convergence; PD, prism diopter.
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###### 

Click here for additional data file.

###### Distribution for the intermittent exotropia (IXT) group in the postvisual task.

The error term is the standard deviation. The normality of postvisual task were analyzed by the Shapiro-Wilk test. BFM, binocular fusion maintenance; NPC, near point of convergence; PD, prism diopter.
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Click here for additional data file.

###### Distribution for the control group in the previsual task.

The error term is the standard deviation. The normality of postvisual task were analyzed by the Shapiro-Wilk test. BFM, binocular fusion maintenance; NPC, near point of convergence; PD, prism diopter.
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Click here for additional data file.

###### Distribution for the control group in the postvisual task.

The error term is the standard deviation. The normality of postvisual task were analyzed by the Shapiro-Wilk test. BFM, binocular fusion maintenance; NPC, near point of convergence; PD, prism diopter.
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###### 

Click here for additional data file.
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Reviewer \#1: In this research the authors evaluate the degree of fatigue in patients with intermittent exotropia (X(T)). The authors used a binocular fusion maintenance test (BFM) and correlate this measurement (objective measurement) with a subjective eye symptoms score (subjective measurement). They found that the slope was significantly and negatively steeper in the X(T) group than in the control group. From this main finding they conclude that patients with X(T) have a greater risk of visual fatigue compared with control population. This conclusion is in agreement with previous knowledge about X(T).

I find this to be an interesting study although I have a few concerns that I would like to see answered.

-Do the authors have a measurement of test-retest for the subjective questionnaire? For example, a sample of X(T) and controls performing the questionnaire before and after an ordinary visual task like reading. I think that a test-retest for the subjective score should be necessary.
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-The Discussion is just a resume of the main findings. The authors should discuss their results with previous studies.

Minor:

-Line 167. "reciprocally", do you mean "back and forth"?

-Line 170. There is no "Movie 1".

-Line 531. Replace "with in" for "within".

-Figure 6b Was the mean calculated taking into account the outlier at 25?

-Figure 6. Line 554: Rewrite "The change in BFM was significantly lower..." The change is greater. You should write it as in your line 284: " ...BFM was significantly and negatively greater..." The same in lines 51 and 355.

-Figure 7. Line 562: "blue circles". There are no blue circles.

-Figures 4, 5 & 6. Please describe what represent the boxes, i.e. Quartiles, median, 95% confidence intervals, etc.

Reviewer \#2: Introduction

65 -- delete 'are'

66-8 It is unclear what this sentence means -- consider re-writing.

70 The definition of vergence should be re-considered as 'movement of opposite eyes' is not accurate.

76-7 No references have been provided.

Methods

96 -- It is not clear how the participants could be age-matched as the age range of patients was 13-60 years and the age range of healthy subjects was 21-51 years. Unless it should say 'group age-matched?

97 -- Where were the healthy subjects recruited from?

103 -- 'all subjects' -- the healthy participants were called subjects and those with IXT were called participants but now referring to them all as subjects. Throughout the paper the terminology is changing between patients, subjects, volunteers, healthy subjects, control subjects -- needs to be consistent.

There are insufficient details of BMF and an over-reliance on the reader to refer to the previous paper for details that are better included in this paper. Some further information that may be helpful include:

BWFA measures binocular eye movements but how does that measure/relate to BMF?

Were the binocular eye movements used to calculate vergence?

What are the variable liquid crystal shutters for?

Was the transmittance changed in both eyes or just in the non-dominant eye as in the previous paper?

Why is the transmission altered?

149-62 -- It is not clear why NPC and fusional vergence range are being measured and analysed. The aim of the study suggests that BMF and symptoms will be analysed but so far there has been no mention of these tests and their relevance.

171 -- How long did the visual task last?

174 -- 'the subjects' implies the controls only, based on the earlier section but I assume the patients completed this too. I'd suggest referring to them as patients and controls and then all subjects when referring to them collectively.

176 -- According to the previous paper this questionnaire has been taken from elsewhere and therefore a reference is required.

177 -- It would be useful to state what questions 1-3 are.

178 -- Were the results of questions 4-7 discarded as they are not relevant?

179 -- Were the results from the questionnaire totalled or averaged?

199 -- It is not clear what the binocular fusion break time is.

209 Unclear what is meant by 'assess differences in the visual tasks'

Results

234 -- What is 'bi'? Assume this should be 'BI' for base in?

248 -- There was no mention of accommodation in the method section. How and when was this measured?

250 -- Is this an example from an individual control and patient? Need to clearly state this. Do all others follow these 2 examples?

251-2 How was it determined if binocular coordination was maintained or disrupted? Just by eye-balling the data? Fig 2 should be stated as Fig 2a and 2b within the text.

257 -- 'prolonged' -- consider choice of word. Perhaps reduced or worse is more appropriate?

261 -- Assume a greater score means worse symptoms but it is unclear why the eye symptom scores would be greater before performing the visual task.

264 -- state that the change in BFM was not significant yet the table shows a significant difference.

271 -- should state that Q2-3 were not significant.

Table 2:

Contrary to the text, the symptom scores are worse post task.

What was the purpose of analysing Q4-7 as they do not seem relevant?

It would be useful to include asterisks to highlight significant p values.

289 -- It is unclear which questions are included in 'total subjective eye symptom score'.

298 -- Interesting that the NPC and fusion range are not correlated with symptom score -- yet this isn't covered later in the discussion.

Table 4: Change in BFM but are the other tests also change from pre- to post- task?

Discussion

350-2 The NPC was significantly reduced in both groups after the visual task but accommodation was only reduced in the IXT group so it is difficult to follow this sentence.

352-3 There was no mention of this link between accommodation and dominance in the results section. Is this just based on the single example given?

355 -- 'changes in BFM were significantly lower in the IXT group than in the control group' implies that there is less change in the IXT group i.e. less fatigued by the visual task.

365-6 -- what 2 factors? There has been no previous mention of the impact of age. Not clear what point is being made.

368 -- 'eye feeling'?

373 -- Why is there a significant correlation in the control group?

Conclusion

390-2 Change after a visual task?

395 -- what is meant by 'zero point'?

396-7 -- Using the BFM?

Figure 1: It would be better to combine figure 1 with figures 2 and 3 to show the ideal response. The figures in 2 and 3 would be easier to interpret if it could be seen what the expected response should be.

Figures 2 and 3 -- What is the purpose of showing all 4 trials? Could they display the average response? That way it could include one figure for the patient with IXT, which displays the ideal response (taken from figure 1), the average vergence and the average accommodation. Another figure could show the same detail for the control subject.

531 -- 'vergence range values with in the with IXT group'

All figures:

Keys would be useful.

Legends contain too much detail -- e.g. methods are included and the analysis performed.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer \#1: In this research the authors evaluate the degree of fatigue in patients with intermittent exotropia (X(T)). The authors used a binocular fusion maintenance test (BFM) and correlate this measurement (objective measurement) with a subjective eye symptoms score (subjective measurement). They found that the slope was significantly and negatively steeper in the X(T) group than in the control group. From this main finding they conclude that patients with X(T) have a greater risk of visual fatigue compared with control population. This conclusion is in agreement with previous knowledge about X(T).

I find this to be an interesting study although I have a few concerns that I would like to see answered.

-Do the authors have a measurement of test-retest for the subjective questionnaire? For example, a sample of X(T) and controls performing the questionnaire before and after an ordinary visual task like reading. I think that a test-retest for the subjective score should be necessary.

� Thank you for your constructive comments. My colleagues and I have assented to your comment and revised our manuscript.

� We have measured the repeatability of the subjective questionnaire in the healthy volunteers and patients with intermittent exotropia (IXT) in the pilot study. We recruited three healthy individuals and three patients with IXT. They have been performed the binocular fusion maintenance test and before and after the same visual task this experiment twice at the same time on another day.

Total subjective eye symptom scores were higher in the post-visual task than in the pre-visual task both the first test and second test in healthy individuals and patients with IXT (Appendix Figure 1).

Appendix Figure 1. Repeatability of total subjective eye symptom score in the healthy individuals (a) and patients with IXT (b)

The blue and red boxplots with dots indicate the pre- and post-visual task. Total subjective eye symptom scores were higher in the post-visual task than in the pre-visual task both the first test and second test in healthy individuals and patients with IXT.

The authors present the means and the SD in tables and figures, but they use non-parametric statistical tests (like Wilcoxon signed-rank) for comparing measurements. In line 207 they write that this was done after assessment of normality using Shapiro-Wilk but they do not present the numbers. Please include the W value and p-value of the data. Usually, parametric methods are more robust if the data is normally distributed. Have the authors tried to normalize the data using for example the log transformation? Sometimes this log transformation removes the skewness and makes the variances more equal.

� We agree with your comments. We consider that the non-parametric data should not show SD, but should show IQR. However, the readers can make a sense SD better than IQR. Thus, we used the boxplot with dots to show the non-normal distribution and described SD data at the main text and table.

� We agree with your point out. We have omitted the values of Shapiro-Wilk test because of the statistical analysis to use the normality test before the comparative test. We created a supplementary table for W- and P-values of at the Results section.

� The data with non-normally distribution transform to logarithms is one of the statistical techniques to close the normal distribution spuriously. We have already tried the log transform. However, data have not improved.

The Table 1 for X(T) is very informative. I missed the table for the control group. I recommend including it. By the way, patient P6 should be considered stereoblind and maybe removed from the study given that his/her stereoacuity is 3019.9 seconds of arc.

� We added a table for the control group. We excluded patient 6.

-It is a bit surprising (maybe not) that X(T) patients show a value close to 2 in Q1, Q3, Q4 (tired back), and Q5 (tired neck). Thus, even before starting the visual task, X(T) patients are in the middle of the scale (mildly tired). Interestingly, the scores are almost twice as large as controls. I would recommend discuss this result, for example could these starting scores affect BMC, NPC and FVR?

� Thank you for your constructive comments. We described this in Discussion section.

� The subjective symptom scores of Q1, Q3, Q4, Q5, and Q6 in the IXT group were about twice as high compared with the control group at the starting the visual task (Tables 3 and 4). These subjective symptom scores may relate to the baseline of BFM, NPC, fusional vergence range because these values were worse in the IXT group than in the control group. The amount of change before and after was evaluated to cancel the carry-over effect in the present study.

-Line 264-265. The P-value (P=0.139) doesn't correspond with the P-Value of Table 3 (P=0.002).

� We fixed the P-value.

-Figure 6 and 7. I am not sure from the information given in the paper. I understand that you are adding the change for Q1 + the change for Q2 + the change for Q3, why don't use the average of the three changes (a change average)? This way you can also have a standard deviation of the change.

� We have already presented individual mean and standard deviations in Tables. Furthermore, the total subjective eye symptom score becomes the mean of mean, If the individual three scores were averaged. Thus, we used the adding of three values. Although the slopes coefficient is different to use the mean value, the p-value does not change.

-The Discussion is just a resume of the main findings. The authors should discuss their results with previous studies.

� We revised the discussion section.

Minor:

-Line 167. "reciprocally", do you mean "back and forth"?

� Yes. We added the word from "reciprocally" to "reciprocally (back and forth)".

-Line 170. There is no "Movie 1".

� I am very sorry. We had not attached Movie 1 in the first submission. We attach Movie 1 in the revision.

-Line 531. Replace "with in" for "within".

� We fixed the word from "with in" to "within".

-Figure 6b Was the mean calculated taking into account the outlier at 25?

� No. The mean value calculated arithmetic mean.

-Figure 6. Line 554: Rewrite "The change in BFM was significantly lower..." The change is greater. You should write it as in your line 284: " ...BFM was significantly and negatively greater..." The same in lines 51 and 355.

� We rewrote the sentence in Figure 6 from "The change in BFM was significantly lower..." to "The change in BFM was significantly and negatively greater".

-Figure 7. Line 562: "blue circles". There are no blue circles.

� We typo the sentence. "The red circles and blue crosses" is correct.

-Figures 4, 5 & 6. Please describe what represent the boxes, i.e. Quartiles, median, 95% confidence intervals, etc.

� We added the information of quartiles, median, and 95% confidence interval in the Figures 4, 5, and 6.

Reviewer \#2: Introduction

� Thank you for your constructive comments. My colleagues and I have assented to your comment and revised our manuscript.

65 -- delete 'are'

� We deleted 'are'.

66-8 It is unclear what this sentence means -- consider re-writing.

� We rewrote the sentence.

� Earlier questionnaire survey studies revealed that visual fatigue is one of the most prevalent symptoms in patients with IXT.

70 The definition of vergence should be re-considered as 'movement of opposite eyes' is not accurate.

� We modified the sentence for vergence.

� Vergence is the simultaneous movement to align both eyes for obtain or maintain binocular vision...

76-7 No references have been provided.

� We mentioned the references.

Methods

96 -- It is not clear how the participants could be age-matched as the age range of patients was 13-60 years and the age range of healthy subjects was 21-51 years. Unless it should say 'group age-matched?

� We fixed the sentence from 'age-matched' to 'group age-matched' in the explanation of control group.

97 -- Where were the healthy subjects recruited from?

� We recruited subjects using online recruitment.

103 -- 'all subjects' -- the healthy participants were called subjects and those with IXT were called participants but now referring to them all as subjects. Throughout the paper the terminology is changing between patients, subjects, volunteers, healthy subjects, control subjects -- needs to be consistent.

� We consist the terminology: from 'control subjects' to 'healthy volunteers'. 'Subjects' use to all participants who include patients and healthy volunteers.

There are insufficient details of BMF and an over-reliance on the reader to refer to the previous paper for details that are better included in this paper. Some further information that may be helpful include:

BWFA measures binocular eye movements but how does that measure/relate to BMF?

� We added some explanations for details of BFM test.

� BFM can be assessed by reducing the intensity of incident light on one eye, which is defined by the number of photons, because the perceptive size of retinal image depends on the intensity of incident light\[17\]. Moreover, the binocular fusion break can be judged automatically to record the eye movements because one eye deviate exo- or eso-direction after the binocular fusion break\[18\].

Were the binocular eye movements used to calculate vergence?

� Yes, it was. We mentioned this information.

� The binocular eye movements used to calculate vergence.

What are the variable liquid crystal shutters for?

� I'm sorry. Variable liquid crystal shutters are not exist. We fixed the sentence from "Variable liquid crystal shutters" to "The liquid crystal shutters".

Was the transmittance changed in both eyes or just in the non-dominant eye as in the previous paper?

� The transmittance changed just in nondominant eye. We mentioned the "just in nondominant eye".

� The transmittance of the liquid crystal shutter changed just in the nondominant eye, which was determined by a hole-in-the-card test, was set at 23.0% for 2 s and was then reduced sequentially by 1.15% every second.

Why is the transmission altered?

� BFM can be assessed by reducing the intensity of incident light on one eye, which is defined by the number of photons, because the perceptive size of retinal image depends on the intensity of incident light. We described the first paragraph of Binocular Fusion Maintenance section with your constructive comment.

149-62 -- It is not clear why NPC and fusional vergence range are being measured and analysed. The aim of the study suggests that BMF and symptoms will be analysed but so far there has been no mention of these tests and their relevance.

� We used the target moved back and forth from 67 cm to 40 cm. We had considered the vergence abilities significantly reduced after the visual task at the experimental protocol creation stage in this study. We described that why both tests performed in this study at the Method section.

� IXT is characterized by prolonged NPC and low fusional convergence at close distances. Thus, all subjects performed the NPC and fusional vergence range test at near before and after the visual task.

171 -- How long did the visual task last?

� The visual task completed within 2 min.

174 -- 'the subjects' implies the controls only, based on the earlier section but I assume the patients completed this too. I'd suggest referring to them as patients and controls and then all subjects when referring to them collectively.

� We consist the terminology: from 'control subjects' to 'healthy volunteers'. 'Subjects' use to all participants who include patients and healthy volunteers.

176 -- According to the previous paper this questionnaire has been taken from elsewhere and therefore a reference is required.

� We added the references of Nakazawa et al., Sheedy and Bergstrom, and Hoffman et al.

177 -- It would be useful to state what questions 1-3 are.

� We added the information for Questions 1--3.

� Questions 1--3 (1, How tired are your eyes?; 2, How clear is your vision?; 3, How do your eyes feel?) were designed to assess subjective eye symptoms.

178 -- Were the results of questions 4-7 discarded as they are not relevant?

� The physical and psychological discomfort was one of the secondary endpoints. Moreover, we considered that the subjects might be have a psychological bias if the questionnaire evaluates only visual fatigue.T

� Questions 1--3 (1, How tired are your eyes?; 2, How clear is your vision?; 3, How do your eyes feel?) were designed to assess subjective eye symptoms.

179 -- Were the results from the questionnaire totalled or averaged?

� We used totaled score. We mentioned the totaled score at subjective symptoms questionnaire section.

� The subjective eye symptom scores (Q1, Q2, Q3) were totaled as total subjective eye symptom score.

199 -- It is not clear what the binocular fusion break time is.

� We described the detail for calculation of binocular fusion break.

� The eye position data collected during the 50 s measurement periods were averaged over the three trials before and after the visual task. The binocular fusion break time (TB) was calculated automatically from the nondominant eye movements based on the results of our previous study using Python 3.6.5. Basemin was determined as the average eye position over 2 seconds after the beginning of measurement in which the transmittance of the liquid crystal shutter remained equal between the right and the left eye. Basemax was determined by the average eye position in the nondominant eye over 2 seconds between 25 and 27 seconds in which the difference of transmittance between the right and left eye was the largest. The amplitude in the deviation of the nondominant eye (Dn) was calculated as \[Basemax -- Basemin\]. Then, we determined the points in which the amplitude of deviation in the non-dominant eye reached 10% and 90% of the total amplitude as 0.1Dn and 0.9Dn respectively during the fusion break phase. A linear regression line was created using the nondominant eye position at 0.1 Dn and 0.9 Dn. We then determined TB as the intersection between Basemin and the linear regression line of the fusion break phase.

209 Unclear what is meant by 'assess differences in the visual tasks'

� We deleted the sentences of "To assess differences in the visual tasks".

� To assess the significance of the differences between the IXT and control groups in the changes (post − pre) in BFM, NPC, fusional vergence range, and total subjective eye symptom scores (Q1 + Q2 + Q3) was determined by the Mann--Whitney U test after assessment of normality by the Shapiro--Wilk test.

Results

234 -- What is 'bi'? Assume this should be 'BI' for base in?

� I'm sorry. 'bi" indicate "base-in" as your pointed out. However, the minus sign indicates exodeviation in this study. We mentioned this at the Subjects section.

248 -- There was no mention of accommodation in the method section. How and when was this measured?

� The binocular wavefront aberrometer can measure the accommodation simultaneously. We described that all subjects recorded the binocular eye movements and accommodative responses at the visual task section.

� All subjects underwent four trials, and recorded the binocular eye movements and accommodative responses simultaneously.

250 -- Is this an example from an individual control and patient? Need to clearly state this. Do all others follow these 2 examples?

� We displayed patient 10 and healthy volunteer 14. Almost all patients and healthy volunteers showed similar to the representative data.

251-2 How was it determined if binocular coordination was maintained or disrupted? Just by eye-balling the data? Fig 2 should be stated as Fig 2a and 2b within the text.

� The binocular coordination was checked the numerical data and anterior video data. We fixed the notation from "Fig 2" to "Fig 2a and Fig 2b".

257 -- 'prolonged' -- consider choice of word. Perhaps reduced or worse is more appropriate?

� Thank you for your recommendation. We changed the word from "prolonged" to "reduced".

261 -- Assume a greater score means worse symptoms but it is unclear why the eye symptom scores would be greater before performing the visual task.

� We changed the word from "greater" to "worse". The score was significantly worse in the postvisual task than in the previsual task. We fixed the incorrect information.

� Subjective eye symptom scores (Q1, Q2, and Q3) were significantly worse in the postvisual task than in the previsual task (Q1, P = 0.003; Q2, P = 0.034; Q3, P = 0.002; Table 3, Supplementary Table 1 and 2).

� The subjective eye symptom score (Q1) was significantly worse in the postvisual task than in the previsual task (Q1, P = 0.013; Table 4, Supplementary Table 3 and 4).

264 -- state that the change in BFM was not significant yet the table shows a significant difference.

� I'm very sorry. The state on the main text is correct. We fixed the information on BFM in Table 4.

271 -- should state that Q2-3 were not significant.

� We stated that Q2 and Q3 were not significant in the control group.

� The subjective eye symptom scores of Q2 (pre, 0.87 ± 0.64; post, 0.80 ± 0.41; P = 0.57; Table 4) and Q3 (pre, 1.13 ± 0.74; post, 1.46 ± 0.64; P = 0.096; Table 4) were not significantly different between the previsual and postvisual task.

Table 2:

Contrary to the text, the symptom scores are worse post task.

What was the purpose of analysing Q4-7 as they do not seem relevant?

It would be useful to include asterisks to highlight significant p values.

� The state on the main text is correct. We added the asterisks for the remark of the significant difference in Tables 3 and 4.

289 -- It is unclear which questions are included in 'total subjective eye symptom score'.

� We mentioned the detail of Q1, Q2, and Q3. Then, we also described the total subjective eye symptom score defined that totaled Q1, Q2, and Q3 in Subjective Symptoms Questionnaire section.

298 -- Interesting that the NPC and fusion range are not correlated with symptom score -- yet this isn't covered later in the discussion.

� We covered NPC and fusional range in the discussion.

Table 4: Change in BFM but are the other tests also change from pre- to post- task?

� Yes, it was. We described the change of NPC.

Discussion

350-2 The NPC was significantly reduced in both groups after the visual task but accommodation was only reduced in the IXT group so it is difficult to follow this sentence.

� We consider that the present task imposes a strain on vergence because NPCs in both groups were significantly reduced after the visual task. Also, binocular coordination was not gradually disrupted in the healthy volunteer, but in the patients with IXT. We have considered that vergence eye movement in the patients with IXT is fragile comparison with the healthy volunteers, and the patients with IXT the accommodative response declined because of the lack of convergence accommodation.

352-3 There was no mention of this link between accommodation and dominance in the results section. Is this just based on the single example given?

� I'm sorry. We mentioned that all patients with IXT followed the target using the dominant eye in the Result section. Also, we deleted the sentences that accommodative response in the nondominant eye was driven by the dominant eye.

355 -- 'changes in BFM were significantly lower in the IXT group than in the control group' implies that there is less change in the IXT group i.e. less fatigued by the visual task.

� We fixed the word from "lower" to "worse".

� The changes in BFM were significantly worse in the IXT group than in the control group, although the fusional vergence range was not significantly different (Figs. 4 -- 6; Table 2 and 3).

365-6 -- what 2 factors? There has been no previous mention of the impact of age. Not clear what point is being made.

� I'm sorry. The impact of age was none. We deleted this sentence.

368 -- 'eye feeling'?

� We use "eye feeling" means "pain" and/or "dry eye".

373 -- Why is there a significant correlation in the control group?

� We consider that the BFM is a sensitive indicator to evaluate visual fatigue objectively because the control group did not significantly different between pre- and postvisual tasks in this study.

Conclusion

390-2 Change after a visual task?

� We modified the sentence from "The change in BFM..." to "The change after a visual task in BFM...".

395 -- what is meant by 'zero point'?

� Zero point means none. We fixed the words from "zero point" to "none".

396-7 -- Using the BFM?

� We modified the sentence from "These findings objectively show ..." to "These findings using the BFM objectively show...".

Figure 1: It would be better to combine figure 1 with figures 2 and 3 to show the ideal response. The figures in 2 and 3 would be easier to interpret if it could be seen what the expected response should be.

� We modified and merged Figure 1 on figures 2 and 3.

Figures 2 and 3 -- What is the purpose of showing all 4 trials? Could they display the average response? That way it could include one figure for the patient with IXT, which displays the ideal response (taken from figure 1), the average vergence and the average accommodation. Another figure could show the same detail for the control subject.

� We displayed that the patients with IXT were gradually disrupted from trial 1 to 4. The average response also worse in the patients with IXT than in the healthy volunteers as you point out. We modified the Figure 2 (patient) and 3 (healthy volunteer).

531 -- 'vergence range values with in the with IXT group'

� We fixed the sentence from "vergence range values with in the with IXT group" to "vergence range values within the IXT group".

All figures:

Keys would be useful.

Legends contain too much detail -- e.g. methods are included and the analysis performed.

� We deleted lengthy sentences in the figure legends.
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Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.
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Guido Maiello

Academic Editor
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Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors answer all my questions. By the way, I couldn\'t find the Movie 1 in this version either.

Reviewer \#2: Thank you for taking the time to address the previous comments. However, I still have some concerns, especially regarding the methodology, that need addressing.

The line numbers refer to the track changes version document.

The procedure of measuring BFM is not clear. Two new sentences have been added from line 116. The second sentence would be better placed at the end of that p/g, on line 127. The second sentence is also unclear: 'fusion break can be judged automatically to record the eye movements because one eye deviates'. The underlined text does not make sense. Is the fusion break determined by the equipment or by the examiner viewing the eyes, looking for one eye to deviate?

In my previous comments I had asked what liquid crystal shutters are but this has not been addressed. Please explain what these are for? Are they used to reduce light intensity?

145 Is this target viewed on the plate or a screen?

151 Remove 'changed just in' as the last part of the sentence does not follow with this included. It is better without.

149-58 It is not clear what target the subjects are looking at during this procedure. Is it the same one that was used to correct refractive errors.

It is still not clearly stated what you are measuring in the BFM test. Is it the intensity of light when then fusion breaks? What are the units? This is important to include and could be added on line 157.

184 How was the target moved back and forth? Was this on a motorised beam?

189 All subjects underwent four trials -- what is a trial? Do you mean 4 x the visual task? The motion was performed 3 times, so in total 12 motions, before all the measurements were repeated?

189 Make it clearer that the eye movements and accommodation were measured during the visual task.

190 Accommodation has not been previously mentioned. A response to my previous comment explains the wavefront aberrometer measures this. This needs to be included earlier on 149 where it states what measurements are taken.

199 Unclear justification provided to previous comment on why Q4-7 need to be included. These are not significant anyway. If keeping them in, then you should state somewhere what the questions were. Q1-3 have now been included in the text so the same could be done with these. Alternatively, include the questions in a table.

291 Would it be better to present the healthy volunteer results first, in figure 1? And the IXT results in figure 2?

In my previous comments I had asked how you determined if binocular coordination had been disrupted. This was answered in the response document but has not been included in the manuscript. It would be helpful to the reader, as it was assumed this was done by eyeballing the data.

Figure 4 and 5 legends still have results included. Results should be included in the main manuscript and not in the legend.

Table 4. You appeared to have misread by previous comment. I had asked if NPC and fusional vergence was also change in values from pre- to post- task, like the BFM and survey. You had answered yes but did not change the table accordingly. I would suggest changing 'Test' to 'Change in test' or 'change in test result'? That way it is clear that all the tests listed are looking at the change. Remove 'change' in front of BFM and subjective symptom questionnaire as the new heading now makes this clear.

422 It is not clear how or why Q4-7 would related to BFM, NPC scores etc.

432 It is stated that in a previous study BFM was significantly decreased but it is not stated who was being tested. What condition did they have or were they controls?

435 Consider the structure. Already covered survey questions in an earlier p/g, then moved onto BFM, and now coming back to survey questions. The next p/g moves onto discussing BFM again.

467 You've now made it clear that the change is related to after performing the visual task but this information is not presented in the correct part of the sentence. 'The change after a visual task in BFM was significantly lower' should actually be 'The change in BFM, after a visual task, was significantly lower'. This should be changed in the next sentence too.

473 I had commented that 'at the zero point' was not clear. This has been changed to 'none' but the sentence still does not make sense. I don't understand what point is being made. Revise this sentence.

Carefully proof read the manuscript as there are still many typographical and grammatical errors. Here are some of them:

\- 74 'to align both eyes for obtain' should be 'to align both eyes to obtain'

\- 140 'eye movements used to calculate' should be 'eye movements were used to calculate'

\- 231 avoid 'we'/first person

\- 298 'showed similar to the representative data'. Do you mean showed similar results?

\- 398 'vergence and accommodation working simultaneously'. Do you mean 'vergence and accommodation were recorded simultaneously'?

\- 420 'at the starting visual task' needs re-writing

\- 450 'did not significantly different' should be 'did not significantly differ'.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

16 Feb 2020

Reviewer \#1: The authors answer all my questions. By the way, I couldn\'t find the Movie 1 in this version either.

� Thank you for the re-review. My colleagues and I were able to improve the manuscript thanks to your constructive comments.

� I uploaded a movie file in the file inventory at the time of the first revision (Photo 1). I have carefully confirmed that the movie is visible. You can see the video by clicking the pdf of Movie1.

Reviewer \#2: Thank you for taking the time to address the previous comments. However, I still have some concerns, especially regarding the methodology, that need addressing.

The line numbers refer to the track changes version document.

The procedure of measuring BFM is not clear. Two new sentences have been added from line 116. The second sentence would be better placed at the end of that p/g, on line 127. The second sentence is also unclear: 'fusion break can be judged automatically to record the eye movements because one eye deviates'. The underlined text does not make sense. Is the fusion break determined by the equipment or by the examiner viewing the eyes, looking for one eye to deviate?

In my previous comments I had asked what liquid crystal shutters are but this has not been addressed. Please explain what these are for? Are they used to reduce light intensity?

� Thank you for your constructive comments. We have revised our manuscript in accordance to your comments. The line numbers refer to the track changes version document.

� The second sentence has been moved from line 133 to line 135. We have used the word "automatically" to mean objectively evaluating with the BWFA.

� We would like to apologize for not providing an explanation. We used liquid crystal shutters to reduce light intensity (line 137 -- 138).

145 Is this target viewed on the plate or a screen?

� We used a printed plate and not a digital screen (line 158).

151 Remove 'changed just in' as the last part of the sentence does not follow with this included. It is better without.

� We have removed the words "changed just in" (line 166).

149-58 It is not clear what target the subjects are looking at during this procedure. Is it the same one that was used to correct refractive errors.

It is still not clearly stated what you are measuring in the BFM test. Is it the intensity of light when then fusion breaks? What are the units? This is important to include and could be added on line 157.

� We have modified the sentences to explain the procedure.

� The fixation target used was same as that the one used to correct refractive errors (lines 162 -- 163).

� The BFM test evaluated the intensity of incident light ratio with both eyes when binocular fusion breaks (lines 175--176).

184 How was the target moved back and forth? Was this on a motorized beam?

� We moved the target using an electric motor (line 202).

189 All subjects underwent four trials -- what is a trial? Do you mean 4 x the visual task? The motion was performed 3 times, so in total 12 motions, before all the measurements were repeated?

� We defined the 1 trial as three reciprocating motions (lines 202--203). The subjects underwent 4 trials, so 12 motions in total.

189 Make it clearer that the eye movements and accommodation were measured during the visual task.

� We have modified the sentences; eye movements and accommodative responses were measured simultaneously during the visual task.

190 Accommodation has not been previously mentioned. A response to my previous comment explains the wavefront aberrometer measures this. This needs to be included earlier on 149 where it states what measurements are taken.

� We have mentioned that we measured the wavefront aberrations of second orders (accommodative response) (line 164).

199 Unclear justification provided to previous comment on why Q4-7 need to be included. These are not significant anyway. If keeping them in, then you should state somewhere what the questions were. Q1-3 have now been included in the text so the same could be done with these. Alternatively, include the questions in a table.

� We apologize for the misunderstanding. We used Questions 4--7 to avoid bias. As you pointed out, Questions 4--7 are less important than Questions 1--3. We described the contents of Questions 4--7 in the main text (lines 224--233).

291 Would it be better to present the healthy volunteer results first, in figure 1? And the IXT results in figure 2?

In my previous comments I had asked how you determined if binocular coordination had been disrupted. This was answered in the response document but has not been included in the manuscript. It would be helpful to the reader, as it was assumed this was done by eyeballing the data.

� We have changed the figure number of 1 and 2. The healthy volunteer results are shown in Figure 1, whereas IXT results have been shown in Figure 2.

� We have mentioned about checking of binocular coordination from the numerical data and anterior video data (lined 357--358).

Figure 4 and 5 legends still have results included. Results should be included in the main manuscript and not in the legend.

� The data of quartiles, medians, and 95% confidence intervals have neem moved from the legends to the main text.

Table 4. You appeared to have misread by previous comment. I had asked if NPC and fusional vergence was also change in values from pre- to post- task, like the BFM and survey. You had answered yes but did not change the table accordingly. I would suggest changing 'Test' to 'Change in test' or 'change in test result'? Th at way it is clear that all the tests listed are looking at the change. Remove 'change' in front of BFM and subjective symptom questionnaire as the new heading now makes this clear.

� We have misread your comment in the first revision. The subgroup in IXT did not find significantly differ in other parameters. We have changed the table number from 4 to 5 and have also changed the columns from "Test" to "Change in test."

422 It is not clear how or why Q4-7 would related to BFM, NPC scores etc.

� We added the analysis for total subjective physical and psychological discomfort (line 304 -- 305, 309 -- 310, 513 -- 514, 537 -- 548).

432 It is stated that in a previous study BFM was significantly decreased but it is not stated who was being tested. What condition did they have or were they controls?

� We mentioned that the previous study evaluated the BFM in healthy volunteers (line 640).

435 Consider the structure. Already covered survey questions in an earlier p/g, then moved onto BFM, and now coming back to survey questions. The next p/g moves onto discussing BFM again.

� We have modified the structure. This paragraph has been merged with the fourth paragraph of the Discussion.

467 You've now made it clear that the change is related to after performing the visual task but this information is not presented in the correct part of the sentence. 'The change after a visual task in BFM was significantly lower' should actually be 'The change in BFM, after a visual task, was significantly lower'. This should be changed in the next sentence too.

� We have revised the sentence as per your comments (lines 722--724).

473 I had commented that 'at the zero point' was not clear. This has been changed to 'none' but the sentence still does not make sense. I don't understand what point is being made. Revise this sentence.

� The phrase "At the zero point" means "the subjects were not aware of visual fatigue." We have mentioned this in the Conclusion section (lines 727 -- 728).

Carefully proof read the manuscript as there are still many typographical and grammatical errors. Here are some of them:

� We have carefully proofread our manuscript. Furthermore, the manuscript has been proofread by native English speakers.

\- 74 'to align both eyes for obtain' should be 'to align both eyes to obtain'

� We have revised the word "for obtain\" to "to obtain" (line 70).

\- 140 'eye movements used to calculate' should be 'eye movements were used to calculate'

� We have added the word "were" (line153).

\- 231 avoid 'we'/first person

� We have avoided the use of first person (lines 276).

\- 298 'showed similar to the representative data'. Do you mean showed similar results?

� Yes, it does. All healthy volunteers maintained binocular coordination during the visual task. In all patients with IXT, binocular coordination was gradually disrupted during the visual task (lines 368 -- 371).

\- 398 'vergence and accommodation working simultaneously'. Do you mean 'vergence and accommodation were recorded simultaneously'?

� Yes, it does. I have revised "working" to "recorded" (line 599).

\- 420 'at the starting visual task' needs re-writing

� As per your suggestion, we have rewritten the sentence (lines 614 -- 616).

\- 450 'did not significantly different' should be 'did not significantly differ'.

� We have revised the word "different" to "differ" (line 686).
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Dear Dr. Fujikado,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Guido Maiello

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: Thank you for editing your article as requested. I am happy with the changes and feel the manuscript is ready for submission.

If possible, it would be appreciated if one more minor change could be made. It was previously unclear what the target was and whether the same target was used for the other tests. Thank you for making the appropriate changes to amend this. Since you have now stated on line 142 what the target is, I think the sentence starting on 146 can now be cut down from \'The subjects continued to fixate the starburst target that was same as the one used to correcting the refractive errors\' to \'The subjects continued to fixate the starburst target\', as that makes it clear enough that the same target was used.

Thanks

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No
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Dear Dr. Fujikado:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff
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Dr. Guido Maiello

Academic Editor
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